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R E M A R K S
Although the subject of this thesis is"The design of a 
gas producer for Illinois coal" I have taken up some space h 
the discussion of different gas producers in general and have 
only taken up some of the more important points of a gas 
producer to burn this cheaper fuel. The small gas producer 
was taken as a 100 H.P. producer and the average central state 
coal taken as the fuel. The design is not a complete design 
as this could only be done by careful testing and analysis 
of gases obtained, but the design here is meant to be a select­
ion and arrangement of the best Producer apparatus used with a 
view of obtaining as good results from Illinois coal as is 
done with higher grade coals at the present time.
The writer has 'Heed the catalogues of Wile & Co, Power & 
Mining Machinery Co,and Wood & Co, in the following pages; 
also quoted lines from such books as Modem Gas Engines and 
Producer Plans by R.E.Mathot, "S’action Gas" by O.H.Haenssgen 
and "Les Hazogner" by Jules Deschamps.
D E V E L O P  M E'*r .
Owing to the economies necessarily practiced in Europe, 
where nature has not furnished a supply of liquid or gaseous 
fuel for internal combustionengines, the production of industrial 
gas from coal or other fuels has advanced considerably more 
than in America. Consequently it is not surprising that the 
gas producer has been developed and improved in Europe, rather 
than in America, where nature has been more generous in her 
supply of coal and other fuels which are accordingly low 
enough in cost to prevent the necessity of practicing the 
greatest posable amount of economy in generation of power.
While in America we have constructed the largest steam 
power plant,and have kept pace with Europe in the use of the 
most approved method of fuel consumption on old lines,
American engineers have not given as much attention to 
cheapening the production of power by using producer gas.
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A D V A H T A G E S
The earliest type of internal combustion motor’s,it is 
true,fell short in regulation and smoothness of operation yet, 
established on an industrial basis less than twenty five 
years ago, its present success and extended application can 
have been attained only by the development of a machine having 
inherent value with practical and substantial advantages.
One reason for these advantages is in the much more direct 
conversion.
In the steam engine the heat is first transferred from 
the coal to the water in the boiler,which in the form of 
steam is caused to expand its energy upon the piston of the 
engine, whereas,v/ith the gas engine, the heat is transferred 
direct to the cylinder of the engine in the form of gas, 
without having first been converted into any other medium.
This is not the whole difference,but is an Important one.
There are substantial reasons for this superiority of 
the gas-producer engine combination. The steam engine can be 
made an economical motor only when of enormous.power.
Between 100 and 500 H.P. and under actual working condi­
tions, the coal consumption will range from2.4 lbs. to 5 lbs. 
per effective horse power per hour.
With smaller powers,current practice will require 5 to 6 
lbs.,while the average of an ordinary working district using 
a large number of small engines will be 10 or 121bs, per 
effective horse power per hour.
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Twelve per cent of the heat value of the steam converted 
Into mechanical work is about the per-formance of the best types 
in large units.
The most approved form of boiler will not transfer to 
the steam over 80$ of the energy of the coalj 50$ may be a 
minimum and 65$ a fair average. The combined efficiency of 
the best engines and boilers is, therefore not over 12$. It js 
often much less, and with extensive steam lines or scattered 
distribution of units, as in large manufacturing establishments, 
it is very low.
Everyone knows that only a fraction of the energy repre­
sented by the heat supplied to a steam boiler appears in the
power actually obtained from the engine, but few realize how
small that fraction is. Out of lOOlbs of coal burned to 
make steam to run an engine only 6-15 lbs actually produce 
power that can be used. Eight pounds is an average result} 
the balance is dead loss.
To commence with 22 lbs go up the chimney in gas and 
smoke; 5 lbs escape in heat which the boiler throws off; one 
pound or more drops through the grates with the ashes; 10 lbs 
are used up in pumping water into the boiler; 57 lbs get away 
in steam after going through the engine; and the engine uses 
up the rest.
The modern gas engines, however,even in small powers, 
will give an efficiency considerably higher than the largest 
and most economical steam engine. If,however, these gas
engines are supplied with illuminating gas as fuel,a large 
portion of this economy disappears, because of the cost of the 
gas. Energy bought in the form of coil gas costs,at a dollar 
a thousand feet, about thirteen times as much as an equivalent 
amount of energy in the form of coal at the dollars per ton; 
hence i:i order to take full advantage of the gas engine, we 
must produce the gas economically where it is used, and such 
a plant consisting of a gas producer with suitable cleansing 
apparatus, working in connection with a good gas engine, 
gives us the most economical pov/er of the present day.
With a theoretical thermal efficiency of 80^, a practical 
efficiency of 26 to 30$£ the gas engine will readily realize 
in actual working condition 20 to 25^ of the energy of the 
gas delivered to it. As high as 31^ has been obtained when 
weak blast furnace gases served the motor and a consumption 
of one pound of coal per effective horse power per hour is 
very common.
The cost of operating is not more than one fourth that of 
a steam plant.
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T H E F I R S T  S U C T I O N  P R O D U C E R .
The Idea of making the suction of the gas engine piston 
generate its own gas was advanced and in fact patented bjr 
C.Weigand, but, after thorough investigation on the part of 
several interested firms the scheme was dropped and the patents 
allowed to lapse. Wiegand was, however, close to the solution 
of the problem and failed only because of an incomplete under­
standing of the requisite conditions.
In the fall of 1900 the firm of Julius Pintsch of Berlin, 
Germany, put upon the market a practical suction gas producer 
which overcame all of the difficxiltios that Wiegand had exper­
ienced. This producer was simple in construction and operation, 
required little attention and gave a brake H.P. per hour in 
small units on one pound of Belgium anthracite.
Four years practical experience with this plant brought 
many Improvements and the construction of the present Pintsch 
Suction Gas plant is as follows: A blower,furnishing draft
for starting the fire and raising the heat in the generator 
to the propei’ temperature for the production of gas, a generator 
equipped with a grate on which the coal is burned, a hopper, 
which allows charging duelng'operation,a window valve for 
inspection of the fire, and fire doors for poking down; a 
vaporizer fitted with a small boiler for generation of steam 
and a relief pipe or chimney for use when the engine is not
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running; a scrubbei* consisting of a coke tower with a water 
spray for washing the gas; a cleaner containing wooden trays 
covered with shavings and saw-dust through which the gas is 
filtered giving up the last of its dust and dirt; and a governor 
or pressure equalizer for maintaining a steady pressure through­
out the apparatus.
To operate the plant, a fire is lighted in the generator 
and a small amount of coal is added, the blower being run 
until the fire is burning strongly with the releif valve open. 
After ten or fifteen minutes blowing, the fire is sufficiently 
hot to give ofr gas; the relief valve is then closed and the 
gas allowed to pass through the apparatus, the blower being 
left running at slower speed until the gas freely at a test 
cock beside the engine. The engine is then started, the 
blower stopped and the formation of the gas becomes automatic; 
the suction stroke of the engine furnishing the draft through 
the flz’e.
In ordinary practice the fire is left burning over night 
with limited draft and only a few minutes blowing is necessary 
to brighten up the fire in the morning. The generator should 
be kept full of coal and the fire kept clean and bright.
Since the apparatus is always under a slight vacuum, the fire 
doors can be opened at any time for cleaning out the fire.
The vaporizer is built of three sections, the upper being 
simply a chamber connected with the relief pipe or chimney, 
the middle a small tubular boiler, and the base section acting 
as a cleaning pot and water seal when the engine is not running.
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By the passage of the hot gases coning from the generator 
through the flu.es of the boiler, the gas is cooled and steam 
is generated which is passed back under the grate for the 
purpose later described. The cleaning pot or bottom section 
catcher the heaviest dust and dirt coming over with the gas.
By the admission of water to the cleaning pot on shutting 
down,the rest of the apparatus is sealed and the gas therein 
kept intact for starting up again.
The scrubber should never feel more than warm to the 
hand, otherwise steam will pass through it to the apparatus 
beyond, carrying with it a considerable greater percentage of 
dust, and the gas will not be cool when it reaches the engine.
The gas must reach the engine cool or the charge taken will be 
a charge of expanded and rarefied gas and will not carry 
sufficient energy. In the cleaner, the gas gives up the last 
of its dust and moisture and emerges cool, clean and dry.
The gas governor used on these plants is of great value. The 
engine on its charging stroke instead of drawing entirely 
from the producer draws its charge in part from the governor 
and the governor spring compensates this by drawing in a fresh 
charge from the producer, thus giving on the producer and through 
the apparatus a steady draft instead of an intermittent pull 
which would be made by the suction stroke of the piston. This 
steady suction gives a steady, even draft through the fire 
which is an essential coddition for continuous formation of 
gas of a uniform quality. Another great benefit derived from
this governor is the ability to run an:/ number of engines 
from a single producer with a certainty of operation and 
without any loss in economy, by simply attaching a governor 
to the Individual gas main leading to each engine.
The apparent simplicity of the suction gas producer has 
lead to the Introduction of plants in which the chemical and 
scientific sides of the problem have been entirely disregarded.
Cheapness of first cost has been sought rather than 
economy of operation, the arrangements for cleaning the gas 
being in almost every case insufficient sc that the whole 
installation required frequent cleaning. The dirt thus allowed 
to pass through with the gas fills the valves and cylinder of 
the engine causing leaky piston and rapid deterioration of 
the moving parts. While the generation of the gas is simplicity 
itself, proper proportioning and arrangements of the various 
parts of the apparatus are vital. These proportions are 
surprisingly delicate and any faulty design will at once be 
made apparent by the quality of gas produced. Another reason 
for failure is the lack of understanding the fact that there 
is no such thing as a universal producer and that plants 
cannot run on a variety of fuels without change. It stands to 
reason that, given two coals of different analysis, you cannot 
produce the same gas without some change in the gas producing 
apparatus Itself, and the only means of meeting these new 
conditions successfLilly is by designing a proper plant from 
an actual test run with fuel itself or from experience in the 
use of other fuels of corresponding analysis. Each plant
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should he built according to the analysis of the fuel most 
easily attainable where the plant is to be operated in order 
to insure the greatest possible economy.
T H E O R Y .
The theory of the formation of the gas is, that by limit­
ing the amount of air admitted to the fire, complete combustion 
of the coal is not admitted and the supply of oxygen being 
Insufficient, carbon monoxide,C 0, is formed instead of
carbon dioxide, C 0 while the steam formed in the vaporizer
2 .
is led back under the grate and bpeaks up on striking the 
incandesent fuel, giving free hydrogen and carbon monoxide, 
the carbon monoxide and the hydrogen forming the power gas 
for the engine. The average gas with a good grade of Anthracite 
should have a heat value of 130-140 B.T.U. per cubic foot and 
the constituents by volumn are as follows.
Carbon dioxide, CO ........
2
6%
Carbon monoxide, CO 24%
Hydrogen H 15%
Nitrogen N 55%
Hydrocarbon CH
a
trace
Oxygen 0 trace.
actual combustion in the producer, forms at the
grate, carbon dioxide which on passing through the glowing
12
coal above the grate is rubbed off one atom of oxygen to supply
the coal above which is getting insufficient air and becomes
in great part CO. The steam, H 0, which is admitted under
2
the grate, on encountering the glowing mass of coal is broken 
up into hydrogen and oxygen. The hydrogen passes through 
the producer as a free gas, while the oxygen unites with the 
coal to form CO. Injection of steam under the grate serves 
four purposes.
First- It gives hydrogen for the actual power gas.
Second- It furnishes oxygen to the fire on breaking up 
and gives greater freedom from clinkers due to more complete 
combustion.
Third- It keeps the grate coal and prevents burning out 
of the grate bars.
Fourth- It is made by the heat of the gas passing the 
generator, utilizing this heat which would otherwise be wasted 
and bringing the gas to more nearly the temperature required 
at the engine, where it must be cool.
Should the apparatus be of faulty design and more steam 
be admitted than the fire can break up, the effect will be a 
deadening of the fire and diminuitlon of the gas formed and 
in the end a complete shut down. On the other hand, if an 
insufficient amount of steam is provided, the grates will 
burn out rapidly and the gas, through a lack of hydrogen will 
be lacking in power. When anthracite is used, the amount of 
water transformed should be from .8 to 1.2 the weight of the 
coal, with bltuminus a much less amount can be used.
In the cheaper forms of apparatus the cleaner is often 
omitted, but an examination of the pipes on such a plant 
after a months use will conclusively prove its necessity.
Where water is an important factor, the scrubber may be run 
hot and less water used, but it will be done at the expense 
of the cleaner which will be forced to remove a greater per­
centage of dust carried through to it by the uncondensed vapor 
so that the saw dust and shavings will require much more 
frequent cleaning and renewal.
Whenever necessary a cooling system can be installed 
and the water reused after slight filtration.
C O S T .
As to economy of this form of power the following table 
roughly from standard steam,gas,and gasoline engine costs 
explains. If the attendance is included with fuel cost,the 
difference between the operation costs of producer gas and 
steam is still more striking.
F U E L  C O S T S  F 0 R 5 0 H . P .  E N G I N E S .
STEAM $3.oo A Ton 8 lbs 1.2 cts.
GAS-ILLUM $ .80 per M 17 cu.ft. 1.36 "
$3.00 A Ton 1 1/8 lbs 0.16 "Producer Gas
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S U C T I O N  A N D  P R E S S U R E .
Suction gas producers are used where power alone Is 
required, although suction producers require no independent 
boiler or gas receiver and consequently occupy less space, 
proper fuel must be selected which is a little more expensive. 
The suction producers do have the regulation which is character­
istic of the pressure type and consequently the gas varies 
slightly with variable loads.
With suction producers 5 to of the engine power,
according to the size of the plant, is required to produce 
the draft and in the pressure type the air necessary to maintain 
the fire in the gas generator enters the bed of fuel under 
pressure caused by a steam jet blower or fan, hence the gas 
passes through the apparatus and reaches the engine under a 
pressure of two or three inches of water. In the suction 
type the air required for generating gas is drawn through 
the cooling and cleaning apparatus by the suction action or 
partial vacuum created by the engine piston. The pressure 
type has the advantage of being able to use a greater variety 
and and inferior quality of fuel than the suction type.
It can also work more satisfactorily when supplying gas to 
a number of engines from a central producer plant.
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S T A N D A R D  P R O D U C E R S .
FOR BITUMINOUS COAL.
WILE:-
The automatic producer built by the Wile Power Gas co., 
Rochester,N.Y. is fitted with a patent regulator, and makes 
producer gas of uniform quality for both power and fuel. These 
producers are a combination of ordinary suction and pressure 
gas producers, and include the best features of each type.
They have theii? producer under suction, while the gas is supplied 
under pressure of a few inches of water by means of a steam 
ejector, which sucks the gas from the producer and forces it 
through cooling and scrubbing appliances into a regulating 
gas receiver, where the controlling regulator operates. An 
exhaust fan in large plants supplies the draft instead of a 
steam ejector. The regulator controls the draft so that 
gas is made continously and automatically only as required 
and of uniform quality.
FIG. I. SECTIONAL VIEW OF AUTOMATIC PRODUCER.
Shpws how this IsFlgurel, taken from a Wile,;catalog*, 
accomplished by the combination; of*. «.j8c:tp^,B, the regulating 
gas receiver,the return valve,F,and return pipe,D. The 
ejector,B,when gas is being made, sucks it from the producer 
and the seal box, and gas receiver.
The regulating gas receiver has three pipes; a gas inlet, 
a gas outlet to the engine, and the return pipe,D,leading 
back to the seal box,C, and provided at its top end with the 
valve,F, carried by a lever arm and arranged in the path of 
a projecting valve lifter,E, fixed to the gas bell. When the 
bell rises to its top position, the valve,F, is opened,and the 
ejector,B, instead of sucking gas from the producer sucks it 
from the regulating gas receiver through pipe,D, to the seal 
box, from which it is circulated through the scrubbing apparatus 
to the gas receiver.
The gas thus circulating, prevents any fresh gas from 
being withdrawn from the producer, until the bell of the 
regulating receiver again falls, and the valve,F, is closed 
It is obvious that only air and steam are drawn through the 
producer when the ejector is sucking upon it and in amount 
required to make the necessary quantity of gas, which is 
essential for the steady working of the gas engine.
Figure 2, illustrates a 150 B.H.P. automatic gas px’oducer. 
The producer is fed from the floor level.
This arrangement does away with the usual platform for 
feeding or an elevator for lifting the coal, while ample room
AUT OMA TI C GAS P R O D U C E R
F IG .  2.
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is provided in the pit beneath the floor for cleaning the 
producer. All pipes, however are above the floor level as 
shown.
LOOMIS PETTIBONE;-
The Loomis Pettibone Gas Apparatus for making 
water and producer gas, built by the Power 4 Mining Machinery Co, 
of Cudahy Wis., are used for all grades of bituminous and 
anthracite coal, also wood and coke, whichever is found to be 
the most economical at the point at which the plant is located.
Figure 3. The cuts taken from catalog show in plan and 
elevation the the Loomis Pettibone Gas Apparatus.
The unit consists of two generators 14 2, a vartical 
boiler,3; water cooled valves A 4 B; producer gas valve, C; 
water valve, D. The generator is cylindrical constructed of 
iron and steel, from 5 to 11 ft. in diameter and 12 to 18 ft. 
in height. The lining is fire brick with fire brick arched 
grates, ash pit and flues to boiler in bottom. It is provided 
with a door on top for firing and admission of air; two clean­
ing doors above the grate and one below the grate, opening 
into the ash pit.
The vertical boiler is of multi-tubular type and of 
suitable size to correspond to the generator. A psotive 
exhauster is connected with the top of the boiler be3rond 
producer-gas valve,C. The four valves,A,B,C,and D are operated 
by hydraulic pistons.
In starting a fire in the generator, a layer of coke or 
coal abotit five feet in depth is put in and ignited at the top, 
the exhauster creating a down draft. When this body of fuel 
is ignited coal is frequently charged, raising the fuel bed to 
about eight feet above the grates, and there maintained.
Bituminous coal is generally used, and is charged at 
intervals, as needed, through the feed door in the top of the 
generator. Air is also admitted through the same doors and 
by means of the exhauster, is drawn down through the fresh 
charge of coal and then through the hot fuel bed beneath.
The resultant producer or generator gas is drawn down through 
the grates and ash pits of generators one and two, valves A 
and B, up through the vertical boiler3, valve C to scrubber 
and exhauster, valve D being closed, and is delivered into a 
small gas holder for supply to the furnaces. When the exhauster 
has brought the fuel up to incandescence,the charging doors 
E and F are closed, valve B lowered, valve C closed, and valve 
D leading to the water gas holder, opened, steam is then 
turned on into the ash pit of generator 2, and in passing 
through the incandescent coal, is decomposed, forming water gas.
4
From generator 2 the gas passes through the connecting 
pipes shown near the top of the generators, and down through 
machine #1. The gas passes through valve A into and up 
through- the boiler 3, and thence , after being washed in a 
scrubber, is conducted int4 a holder.
Water gas is made for one minute when the temperature of
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the fuel beds having been considerably reduced, the steam Is 
shut off, valve D opened, valves C and B opened, and the 
charging doors E and F opened. This process of making water 
gas and producer gas is alternated at intervals of 20 or 30 
minutes according to the quality of gas desired. In making 
the next run the course of steam is reversed;i.e. valve A is 
closed and the steam is turned into the ash pit of generator #1. 
Valve B is left open but the other valves, C and D and the 
charging doors E and F are operated the same as in the first 
case.
While the fires are being blasted and during the making 
of a run of water gas, the hot gases in passing through the 
boiler give up a large proportion of their sensible heat, 
which is converted into steam. This in turn is directed 
under the fires in generators for decomposition.
Another advantage of the double generator apparatus is 
that as all of the gas is made to pass through the fire the 
tarry matter from the coal is converted into the fixed gases 
that can be conducted any distance through ordinary pipe and 
at any temperature or pressur*e. Again as the steam is forced 
through two fires, the percentage of condensable water vapor 
is exceedingly small.
SHOWING PAIR OP GENERATORS AND BOILER. F ig. -3,
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THE WOOD PRODUCER;-
The R.D.Wood & Co. of Philadelphia make a producer suitabe 
for bituminous coals.
The design is altered to suit varying conditions incident 
to location, kind of coal to be gasified and other requirements.
The type illustrated in Fig.A, from the makers catalog, 
with a revolving and shell lined with fire brick, is that 
usually adopted for anthracite and good qualities of bituminous 
coal. For bituminous coals liable to clinker, the design is 
in some cases modified, as previously explained, by a water 
Jacket, which should be selected only when those conditions 
exist.
In some rare instances, .for very poor coal, the revolving 
gear is eliminated, retaining the solid bottom only; but 
experience shows that even for such coal it can generally 
be used, during most of the day's run, to advantage; hence we 
recommend its retention, though it may often be necessary to 
work down the ashes in the usual way. The half water jacketed 
producer has been successfully adopted in gasifying low grade 
coals in Montana,and also in Illinois. The latter, in addition 
to from 20 to 40^ of ash. carries a large quantity of pyrites, 
so that the clinkers are very large and extremely hard, testing 
the capacity of the producers most severely.
In numerous Instances this producer has replaced the older 
type of grate bar producers, the change resulting in a decided 
improvement in quality and uniformity of the gas, and far more 
perfect gasification the loss of coal being practically nil.
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With producers of the half Jacketed type as used on in­
ferior coals the water seal may sometimes be adopted to ad­
vantage .
With the standard producer, however, the water seal is 
not necessary, nor is it recomended, in that it requires more 
space and is far more cleanly.
There are however, special cases where a water-sealed 
bottom may be desirable.
The special feature of this type Fig 5, is the double bodi . 
The air entering the blast pipe, which protrudes through the 
bosh plate, passes to the vertical central air conduit and 
circulates also about the inner boshes. These are perforated, 
permitting the passage of the air into the ash bed, taking 
up its heat insuring checking the escape of combustible matters 
in the ash. Any accidental obstruction in the blast pipe 
is readily accessible by removal of the blank flange at the 
extremity of the blast pipe. Paper holes are suitably placed 
about the bosh for the insertion of a bar if desired. Such 
producers equipped with the Bildt automatic feed give most 
excellent service, some of them have operated with lignite 
coals in the Western districts.
GAS PRODUCER WITH ROTATIVE ASH TABLE AND BILDT CONTINUOUS 
AUTOMATIC FEED.
F IG  .4,
hFf 6. 5.
WATER-SEALED PRODUCER WITH BILDT FEED. 
(Shem Patent.)
CONDITIONS FOR A GAS PRODUCER TO OPERATE
SUCCESSFUL WITH ILLINOIS COAL.
1 - A continuous and automatic feed or one easy to operate 
that allows no escape of gas during operation.
2- A deep fuel bed on a deep bed of ashes.
3 - A blast carried by a conduit through the ashes to 
the incandescent fuel.
4 - Visibility and accessibility for removal of ashes.
5 - Level support for the fuel, insuring uniform depth 
at all points.
6 - Removal of dust and tar.
ARRANGEMENTS COVERING CONDITIONS.
Feed Device.
The Bildt Automatic Feed Device fulfils the first 
condition by having a constantly rotating distributer which 
cover’s every portion of the gas producing surface and works 
automatically, being fed from a closed storage magazine.
The apparatus shown in figure 6 is similar to the Bildt 
device and consists of a receiving hopper surmounting the 
main storage magazine, communication between the tv/o being 
regulated by the horizontal rotating register or grate operated
by a lever
Below the main magazine Is suspended the distributer 
plate, Its Inclosing shield or hood, as well as the Inverted 
conical base of the magazine, being water cooled.
The infruence of the cooling water and the location of 
the plate above the gaseous current facilitates the discharge 
with strongly caking coals. The distributer plate is sup­
ported by a steel shaft passing upward through the storage 
cylinder and suitably guided as shown.
At the upper end of the shaft, above the supporting 
bracket, a worm wheel and worm impart rotation to the receiving 
hopper which, through its radial arms and hub keyed to the 
shaft, revolves the distributer.
The sketch below Fig.6 is a geometrical development of 
the lower edge or line of distribution of the coal from the 
distributer and is a spiral.
Such line of distribution is secured on the distributer 
by having a dependent flange, the flare of which deviates to 
carry the distributing edge along the line of spiral as far 
as experience has shown necessary.
Figure 7 - is a very simple but effective feeding device 
and may be operated easily by hand. The parts should be close 
fitting and the material used is cast iron.
On account of its cheapness, this feed device can be used 
on small producers very successfully instead of the more 
expensive Bildt device. The figure explains very clearly 
the construction and operation of this device and no expla­
nation seems necessary.
FEED DEVICE
FIG. 6,
\FEED DEVICE 
FIG. 7
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2 Body of Generator:j
Any arrangement of sufficient size to hold the coal and 
ashes may be used with good fuels, but with Illinois coal 
a cylindrical shape water-jacketed where the fire and clinkeis 
are liable to stick to the sides and lined with fire brick 
where the hot gases strike the walls is the best arrangement 
as in Fig.8.
The walls are made of 5/16 inch boiler plate, inside 
diameter of the producer 4 ft. and the height of fuel should 
be 6 ft. from the ash table to top of bed, the ash being 
2l/2 ft. deep.
About 15 or 16 pounds of Illinois coal can be gasified 
per square foot of fuelbed per hour, and one pound gives 
from 48 to 55 cubic feet of gas at atmospheric pressure, and 
since an ordinary gas engine uses 80 to (o cubic feet of 
this gas per B.H.P. hour or about 200# of coal, 12 square 
feet of fuel bed must be used for a producer of 100 horse 
power capacity.
3 AIR BLAST AND STEAM:
The fans or blowers employed vary considerably in arrange­
ment. Most of them are based on the Koerting system, and 
comprise essentially of a tube through which the steam is 
supplied under pressure of about 75 pounds, and a cylindro- 
ccnlcal blast pipe. The tube is placed in the axis of the 
blast pipe and draws with it a certain quantity of air, which 
can be regulated. It is important that the pressure and feed
GENERATOR 
FIG. 9.
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cf air and steam can be controlled in these injection blowers.
The best proportions of air and steam cannot be rigidly
fixed, the more steam that is used the better, until a limit
is reached, this limit depending mainly upon the amount of
heat that is available for decomposing the steam without
unduly cooling the producer, and this will depend on the loss
of heat in the producer itself. The average proportions
when a producer is working will are about ten parts of steam
and ninety parts of air by volumn. Taking 10^ of steam by
volumn as being a good working proportion, this will be about
of steam by weight, and about one fifth of the carbon will
be burnt by the steam and four fifths by air. Assuming 6
of steam by weight it is easy to calculate the amount of
fuel consumed. Since one pound of carbon will combine with
1.35 lbs. of oxygen to form carbon monoxide, and air contains
by weight of oxygen, the amount of air required to burn
1.33x100
one pound of carbon will be .......... - 5.8 lbs. therefore23
one pound of air will burn . =.171 lbs. of carbon.
One pound of carbon in decomposing steam will also combine
with 1.33 lbs. of oxygen and this will be contained in 1.49 lbs.
|of steam, therefore one pound of steam will burn *.67 lb.
of carbon, so that for 100 lbs of gaseous mixture.
94 lbs of air- .171 x . 94 - 1 6  lbs of carbon burnt,
6 lbs. of steam - .67 x 6 - 4 lbs of carbon burnt,
100 lbs of mixture 20 lbs of carbon burnt
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The amount of steam required will be six pounds for each, 
twenty of carbon burnt, or .3 of a pound of steam for each 
pound of carbon assuming the coal to yield 50$ fixed carbon.
.3 x 5 - .15 lb. of steam will be used by each pound of coal. 
Since 200 lbs. of coal will be burned per hour, about 30 lbs. 
of steam will be used per hour. To be on the safe side 
about five horse power of boiler should be available.
Then since as above calculated one pound of carbon requires
5.8 lbs. of air, coal with 50$ of fixed carbon would require
2.9 lbs. of air per pound of coal and one pound of air occupies 
about 12.35 cubic feet, the volumn of air used per pound of 
coal will be 25.93 cubic feet.
4 TYPE OF GRATEi
Grates owing to their contact with the ashes and hot 
members, are liable to deteriorate rapidly. It is therefore 
indespensable that they should be removable and easily accessable 
so that they may renewed in case of need. From this point 
of view, grates with Independent bars would appear to be 
preferable, such as are in Fig.9.
Certain types of producex’s have no grates; the fuel is 
held in the retort by the ashes resting on a sheet iron base 
or table. The best types have a rotative bottom which grinds 
down the ashes and has a bar placed stationary a little above 
the ash table which scrapes off some of the ashes and thus 
lowers the fire level. this is shown in Fig. 8.
5 LEVEL SUPPORT OF FUEL:
If the rotative ash table is used a level support is 
given to the fuel bed which can then be kept level at the 
combustion surface . The table should be four or five inches 
below the bottom of the retort or bosh and should be a little 
larger in diameter to discharge the ash by its own gravitation 
tvhich maps an angle of about 55$ in its own slope.
The bosh should be about twelve inches high sloping down 
at an angle of 60$, and should be supplied with numerous 
poke holes. The bosh can be made out of 5/16" sheet iron.
6 REMOVAL OF DUST AND TAR:
In pressure producers the gas is generally washed and 
purified with much more care than in suction apparatus.
Given a sufficient pressure the gas can be driven through 
the different apparatus and the spaces between the material 
which they contain without any difficulty. The gases emerge 
from the generator highly heated, and this heat is used either 
to warm the injection water or to generate the steam fed to 
the furnace. The gases then enter the scrubber; which con­
sists of a cylindrical body of sheet iron or cast iron formed 
of two compartments separated by a wooden or iron grate or 
perforated partition.
The upper compartment contains ordinary gas house coke, 
the top of the compartment is supplied with a water pipe and
spray
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The lower compartment of the scrubber serves to collect 
the wash water which has passed through the substance filling 
the tower. An overflow with a suitable water seal carries 
the water to the waste pipe. The gas enters the lower com­
partment through an elbow which dips into the water and passes 
through the coke as indicated in Fig.10.
The gas next goes to a tar extracater. This is simply 
a centrifugal fan run at about eleven hundred revolutions 
and throws the gas and tar against the sides of the shell 
where the tar sticks and is washed down to a drain by water 
flowing down the sides. The gas goes out an opening in the 
top shown in Fig 12, and is then taken to a purifier.
The purifier is an ordinary box with water seal cover, 
shown in Fig.11, containing one or more shelves superposed 
to form compartments, and on which is spread a mixture of lime 
and iron sulphate. This gives the gas a chemical purification, 
removing the sulphur and carbonic acid as well as the amonla 
and other remaining impurities. The gas is finally taken 
to a gas holder which consists of a tank and bell.
The volume of the bell should not be less than three 
cubic feet per effective horse-power of the engine supplied.
The bell can be made much larger so as to store the gas if a 
continuous use is not desired.
C 0 I I C L U S I 0 II
In conclusion it may be stated that a gas producer oper­
ating on Illinois coal would need careful attention and frequent 
cleaning so that none of the pipes or connections become 
clogged or stopped by the impurities contained in the gas.
The drawing below shows the general arrangement of a 
gas producer to operate on Illinois coal.
The producer is 100 H.P. capacity and designed to burn 
Illinois coal.
The scrubbing apparatus and purifier are about correct 
for a producer of this size and if properly equipped as is 
heretofor stated the producer should operate with ease and 
be very economical.
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